Aim: This study aimed to evaluate the scientific evidence regarding the risk factors for maxillofacial injuries among victims of traffic accidents.
INTRODUCTION
Injuries from traffic accidents are a large and growing burden for public health, especially in low-and middle-income countries, where it was estimated that 90% of the world's deaths due to traffic accidents occur and account for 54% of the world's vehicle fleet. 1 High-income countries, on the other hand, account for 46% of the world's fleet and only 10% of deaths. 2, 3 The maxillofacial region is the most exposed part of the body and prone to injuries. 4 Facial injuries occur in a significant proportion of patients and have become a significant public health problem due to their potential to cause severe morbidity, disfigurement, psychological disorders and even death. 5, 6 They may occur as an isolated lesion or may be associated with multiple injuries in head, chest, abdomen, spine and extremities. 7, 8 Epidemiological analysis of maxillofacial lesions is crucial to iden- and prevention of such injuries. 9, 10 Several studies have been conducted in different regions of the world to elucidate and characterize oral and maxillofacial injuries resulting from traffic accidents. 4, 6, 8, [11] [12] [13] [14] [15] However, the scientific literature is controversial, and there is still no consensus on risk factors. Therefore, this systematic review aimed to evaluate the scientific evidence regarding the risk factors for maxillofacial injuries among victims of traffic accidents.
Meta-Analyses) 16 and the Cochrane's Guidelines. 17 Although the Cochrane's Handbook is more focused on intervention studies, some considerations are appropriate for other types of review.
Prior to the research of all studies, a protocol was designed to guide the review phases including the following topics: (a) authors' participation and contributions, review and innovation process dates; (b) literature background to date, aims and design method (including databases, descriptors, language, inclusion and exclusion criteria and qualitative analysis).
For the present review, the PICO question was not appropriate, so we adopted an alternative question strategy for observational studies, the PECO question proposed by Maia and Antônio. 18 The PECO used was Population (patients of any age), Exposure (traffic accidents), Comparison (sociodemographic and accident characteristics) and Outcome (maxillofacial injury).
Eligibility criteria
Inclusion criteria were observational studies (cross-sectional, casecontrol, cohort, retrospective, and prospective studies), in which researchers studied the association between traffic accidents and maxillofacial injuries. There was no restriction of year, language, or publication status (Epub ahead of print).
Studies were excluded based on the following criteria: (1) case reports, case series, opinion articles and review articles; (2) studies with no apparent aim of studying risk factors for maxillofacial injuries; (3) studies limited to specific types of facial trauma (eg, mandibular fracture), since the objective of this review was to analyze maxillofacial injuries as a whole; (4) essentially descriptive studies, not allowing to investigate risk factor; (5) studies addressing other etiologies (eg, interpersonal violence); (6) studies on a specific age range (eg, involving only children); and (7) studies on certain types of accidents (eg, assessing just motorcycle accidents), since they do not allow verifying whether age group and kind of accident are risk factors.
Sources of information and research
Two eligibility reviewers independently conducted the survey (LMN and IBM). As the primary study source, PubMed / MEDLINE, Scopus, Web of Science and Cochrane Library electronic databases were used (Table S1 ). The descriptors were searched in the MeSH database (Medical Subject Headings). With the help of the Boolean operators "AND" and "OR", the research strategy was developed (Table S1) 
Selection of studies
As calibration exercise, the reviewers discussed the eligibility criteria and applied them to a 20% sample of retrieved studies to determine inter-examiner agreement. With a good agreement level ( = 0.841), the reviewers read all articles independently. The selection of studies was performed in two main phases: (1) two reviewers (LMN and IBM) systematically analyzed titles and abstracts, and when they fulfilled the review objectives, articles were selected for the next phase and (2) the eligible preliminary studies had their full texts obtained and evaluated to verify if they met the eligibility criteria. In cases of disagreement, a third reviewer (SD) was consulted to make a final decision by reaching consensus. Rejected studies were recorded separately, clarifying the reasons for exclusion.
Data collection and extraction process
Two evaluators performed data extraction independently (LMN and MBI). Both used a spreadsheet specially created to extract the necessary information considering the following items: article identification (author, year, country, and type of study); sample characteristics (sample size, the site where the study was performed); and results (types of injuries, statistical analyses and risk factors for facial trauma).
Risk of bias and methodological quality
The risk of bias and methodological quality of included studies were independently assessed by two reviewers (LMN and MBI) using an adapted version of the Newcastle-Ottawa Scale (NOS) for observational studies, assigning stars for each article (Table S2) . A previous study carried out a similar adaptation of the scale. 19 The higher the number of stars, the better methodological quality. The following items of NOS were used: (a) sample selection criteria (case definition, representativeness and patient selection) and (b) trauma assessment (diagnosis and sample loss).
Synthesis of result
Any measure of association between maxillofacial injuries, sociodemographic characteristics and traffic accident circumstances was extracted, as reported by the authors: odds ratio (OR) and prevalence ratio (PR) with the respective 95% confidence intervals (CI) and P-values. We evaluated heterogeneity among studies by parameters such as the type of outcome investigated, sample characteristics and predictor variables tested. We found a high degree of heterogeneity among studies; the authors presented data with diverging cutoff points, statistical analyses, and summary measures. This situation precluded the pooling of data for meta-analysis.
RESULTS

Selected studies
A total of 3001 potentially relevant articles were identified. Two hundred and ninety-eight studies were excluded because they were duplicates. Of the 2703 articles, 2616 were eliminated based on the analysis of titles and abstracts. Eighty-seven articles were submitted to full-text analysis, of which three were included in the systematic review according to the eligibility criteria. Figure 1 shows the process of searching, identifying, including and excluding articles. 
Characteristics of studies
A summary of the main characteristics of eligible studies can be seen in Table S3 . Each available study was conducted in a different country:
Brazil, 20 Malaysia, 21 and the United States. 22 system. Two studies were retrospective 20, 22 and one perspective. 21 The male/female ratio ranged from 3.4: 1 to 6: 1. The prevalent mean age in all centres analyzed corresponded to young people or adults. The sample size was quite variable.
Risk of bias and methodological quality evaluation
The methodological quality was considered high, and there was a low risk of bias among eligible studies after the assessment using the adapted version of NOS for observational studies. The primary deficiency of studies consisted of the nonreporting of sample losses (Table S3) . Table S4 summarizes the results of studies. Multivariate statistical analysis was performed to investigate risk factors for maxillofacial injuries. Eleven risk factors were identified: victim's gender (P < 0.05), 21 age group (P < 0.05) (20.21), residence region (P < 0.05), 20 impact characteristics (P < 0.05), 22 increased net change in velocity due to collision (P < 0.05), 22 increase in occupant's height (P = 0.05), 22 nonuse of protective equipment (P < 0.001), 22 type of accident (P < 0.001), 20, 22 time of occurrence (P < 0.05), 20 injury severity (P < 0.05), 20, 22 and occurrence of concomitant lesions in other anatomical regions (P < 0.05). 21 
Individual study results
DISCUSSION
This review evaluated the current scientific evidence on the risk factors for maxillofacial injuries in traffic accident victims. Knowledge of risk factors is useful for designing prevention programs, clinical protocols, and care practices to more vulnerable groups. Many articles deal with face traumas due to traffic accidents. However, few of them aimed at risk/associated factors. Most of the studies found only deal with descriptive analysis. A total of 3 studies remained after the qualitative analysis, including 422 244 patients.
After the present systematic review, it was found that men (P < 0.05), 21 young people (P < 0.05), 20, 21 residents in rural areas (P < 0.05) 20 are commonly involved in traffic accidents in different regions of the world. Accidents with lateral impact (P < 0.05), 22 increased net change in velocity due to collision (P < 0.05), 22 increase in occupant's height (P = 0.05), nonuse of protective equipment (P < 0.001), 22 motor vehicle accident (P < 0.001), 20, 22 and night shift (P < 0.05) 20 were some of the risk factors reported by eligible studies.
Epidemiological studies in different parts of the world indicate that
RTAs are the main etiological factors of facial trauma and the specific interest has been directed towards the incidence and prevention of these lesions. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Maxillofacial injuries usually affect the middle third of the facial skeleton and mandible, especially soft tissues. The maxillofacial region is the most exposed part of the body and is prone to lesions, 4 which may occur alone or associated with multiple injuries in the head, chest, abdomen, spine and extremities, 7, 8 along with psychological trauma. 35 The three studies selected for this review were conducted in 3 different countries and locations: Brazil, 20 Malaysia, 21 and the United States. 22 As for associated factors, there was high heterogeneity among studies, since there was no standardization about the way of categorizing the age groups, types of accidents and circumstances in which they occurred, making a meta-analysis impossible.
The etiological factors and associated injury patterns may be necessary for planning preventive measures and treatments. 28 Coordinated, periodic, sequential collection, and evaluation of demographic data of maxillofacial injuries are essential to assist health professionals, traffic officials and policymakers to assess, reassess and compare the effectiveness and failures of current protocols, 36 in addition to providing information on the dynamics of accidents and how social behaviour influences this type of trauma, allowing the development and evaluation of preventive measures. 33 In the three studies selected, [20] [21] [22] the vast majority of patients suffering from maxillofacial injuries as a result of traffic accidents were young people with a mean age ranging from 28 to 37 years. This high rate may result from inexperience, recklessness, and higher driving speeds among young adults. Together, these risk behaviours contribute to the susceptibility of this age group. 37 In the studies by Nóbrega et al, 20 Nordin et al, 21 McMullin et al, 22 males are significantly more affected than females. This is a common finding in many studies, 10,38-40 since male subjects have intense social interaction and high mobility rate, and are therefore more likely to participate in dangerous practices, unsafe driving and interpersonal violence, despite the fact that in recent years, a levelling of this gender difference has been detected, probably due to a more active lifestyle among women. 41 Single people were the most affected in two studies. 20, 21 It is important to note that about marital status, alcohol consumption among only people stands out, who are generally younger than married subjects, who are older and more committed to the family. In the study by Abreu et al, 42 who evaluated blood alcohol levels among single individuals, 70% presented levels well above tolerable, contrary to levels observed among married couples, once again pointing to the risk of the younger driver about alcohol consumption. McMullin et al 22 Nóbrega et al 20 verified that the nighttime was a risk factor for maxillofacial injuries from RTAs, with a 42% higher prevalence compared to daytime, being associated with less visibility, greater recklessness, alcohol consumption, excessive speeds, less respect for traffic signals due to lower traffic levels than daytime hours, and increased mental fatigue. 43 The most familiar face lesions were those of soft tissue, 20,21 mainly abrasions followed by lacerations. 21 Maxillofacial injuries represent a severe public health problem due to their potential to cause severe morbidity, disfigurement, loss of function, psychological disorders and even death, 5, 6 as well as economic issues through the high costs of treatment creating a heavy burden on national health systems. 27, 33, 44 Nordin et al 21 was the only study that evaluated the severity of injuries according to ISS (Injury Severity Score), the majority being Mild (ISS: 0-9). Facial traumatism was significantly more prevalent in cases of greater trauma severity and was, therefore, one of the risk factors indicated by the study. Compared with non-RTA cases, patients with facial fractures caused by RTA also had higher rates of upper and lower limb injuries 21 due to instinctive protection reactions and are significantly correlated with high-speed injuries. 45 The study by McMullin et al 22 was the only one of the three selected to present data regarding the victim's position about the accident, type of collision and safety equipment. Most victims were drivers, most collisions were the first type, and drivers did not make use of safety equipment. It is worldwide recognized and emphasized the extreme importance of the use of protective equipment, either the use of helmets and adequate clothes for motorcyclists, as well as seat belts, the presence of airbags for cars to avoid injuries of greater gravity in cases of accidents.
The present study was not free of limitations. Despite the comprehensive nature of this review, heterogeneity among studies was found.
The articles varied mainly about sample size, statistical methods used and risk factors investigated. Future multicenter studies with prospective design should be performed to strengthen the scientific evidence related to risk factors for maxillofacial injuries and traffic accidents. On the other hand, the present review is original and contributed to the advancement of scientific knowledge from three main points. First, it is the first systematic review that investigated the risk factors for maxillofacial injuries among victims of traffic accidents. Second, a broad search strategy was applied, with no restriction on language or date of publication. Third, it generated useful information that could guide the assistance and care practices of victims of traffic accidents who present maxillofacial injuries.
In conclusion, based on the results of this review, sociodemographic characteristics, as well as those related to the collision patterns and circumstances of traffic accidents, can influence the occurrence of maxillofacial injuries. However, the results should be interpreted with caution due to the high heterogeneity among studies.
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